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Palladium-catalyzed carbonylations of alkenes have acquired a growing importance in recent 
years, which provides a versatile method for the direct functionalization of C=C double bond to 
produce efficient entries to a variety of useful carbon-homologated compounds with 
oxygen-functional groups. The development of novel methods with high efficiency, selectivity, 
and large substrate scope are of immense importance for continued progress in this field. 
Based on earlier works in our laboratory, the combination of palladium (II) with copper salt 
has realized to catalyze alkoxycarbonylation and related reactions under normal pressure of 
carbon monoxide and oxygen. Considering the great synthetic value of the carbonylation 
reactions, the aim of the present study was decided to develop novel and efficient 
palladium-catalyzed carbonylation reactions in the presence of copper salts.  
In this research, a novel asymmetric intra- and intermolecular palladium-catalyzed dicarbonylation 
reaction of homoallylic amine derivatives is developed to provide straightforward entry to optically 
active γ-lactams, which have biological activity and are versatile building blocks for nitrogen-containing 
chemicals. In addition, an extensive study on palladium-catalyzed intermolecular 
alkoxy-alkoxycarbonylation reaction of vinylphenols in the presence of copper salt is also 
described. The applications of β-alkoxy ester products are demonstrated for their futher 










The development of sustainable and efficient methodologies based on catalysis and organometallic 
chemistry has gained considerable attention. In this regard, carbonylation reactions catalyzed by transition 
metal are now widely recognized as a powerful tool in advanced organic synthesis to provide efficient 
entries to a variety of useful homologated carbonyl compounds utilizing carbon monoxide (CO) as an 
inexpensive and readily available C1 unit, which also meets the principles of “atom economy”, “step 
economy”, and “green chemistry”. Among the different types of carbonylation reactions, 
palladium-catalyzed oxidative carbonylation of alkenes have attracted much attention from both academia 
and industry in recent years since they allow the direct functionalization of C=C double bond with CO in 
the presence of suitable nucleophiles and oxidation reagents to produce more valuable products such as 
aldehydes, esters, and carboxylic acid derivatives. The development of novel methods with high 
efficiency, selectivity, and larger substrate scope is of immense importance for continued progress in this 
field. 
Our laboratory has studied palladium-catalyzed mono- and dicarbonylation of terminal olefins, 
homoallylic alcohols, homoallylic amine derivatives and already reported several asymmetric versions for 
dicarbonylation reactions. The combination of palladium (II) and copper (I) salt catalyzed these 
carbonylations under mild conditions.  
Regarding to such perspectives, the aim of the study presented in this dissertation was to develop novel 
and efficient palladium-catalyzed oxidative carbonylation reactions in the combination with copper salts. 
The work involved in achieving the aim led to two main research contents as follows. 
A. Asymmetric Palladium-Catalyzed Intra- and Intermolecular Dicarbonylation of Homoallylic Amine 
Derivatives 
The γ-lactams can probably be considered as one of the most important heterocyclic motifs used in 
synthetic and medicinal chemistry, which can be found in a very large number of biologically and 
pharmaceutically active compounds, and also serve as versatile building blocks for the synthesis of 
complex molecules. The development of methodologies allowing their synthesis is therefore of highly 
interest. Many synthetic approaches to γ-lactam compounds via metal-catalyzed cyclocarbonylation have 
been reported over the years. To the contrary, the enantioselective synthesis of γ-lactams has limited. 
Being encouraged by our previously results on asymmetric dicarbonylation reactions, an asymmetric 
palladium-catalyzed dicarbonylation of homoallylic amine derivatives was envisoned to produce optically 
active γ-lactams in single step. In this work, asymmetric intra- and intermolecular dicarbonylation of 
homoallylic amine derivatives catalyzed by palladium (II) and copper (I) salt under normal pressure of CO 
and O2 has been achieved by using (S,S)-benzyl-substituted bioxazoline as a ligand. A variety of 
N-substituted homoallylic amine derivatives was applicable to the present reaction to give the 
corresponding optically active γ-lactams up to 68% ee (Scheme 1).  
 
Scheme 1. Asymmetric palladium-catalyzed dicarbonylation of homoallylic amine derivatives. 
 
B. Palladium-Catalyzed Intermolecular Alkoxy-Alkoxycarbonylation of Vinylphenols in the 
Presence of Copper Salt: Unexpected Cooperative Effect of Tin Salt 
Concerning palladium-catalyzed carbonylation of unsaturated alcohols, intramolecular 
alkoxycarbonylation often proceeds to furnish cyclic ethers, such as tetrahydrofurans or 
tetrahydropyrans. However, the intermolecular version of the alkoxy-carbonylation of alkenes is quite 
limited. In light of the successful development of a palladium-catalyzed intra- and intermolecular 
dicarbonylation protocol for homoallylic alcohols from earlier work in our laboratory, the idea of 
expanding the range of vinylphenols as substrates in the reaction emerged. The study was initiated with 
the asymmetric intra- and intermolecular bis(alkoxycarbonylation) of 2-vinylphenol. Interestingly, 
although the carbonylation proceeded smoothly, the expected lactone  was not formed, but 
3-aryl-3-methoxypropanoic acid methyl ester was obtained instead. This ester might be derived from 
regioselective carbopalladation followed by reductive elimination and subsequent addition of MeOH to 
the resulting quinonemethide before the second carbonylation (Scheme 2). 
 
Scheme 2. Methoxy-methoxycarbonylation of 2-vinylphenol. 
 
The unexpected result triggered the original objective to an extensive study on new intermolecular 
alkoxy-alkoxycarbonylation reaction. Consequently, the efficient palladium-catalyzed intermolecular 
alkoxy-alkoxycarbonylation of vinylphenols was developed to afford the corresponding 3-alkoxy-3- 
arylpropanoic acid esters in good to high yields under optimized conditions as shown in scheme 3. Not 
only primary alcohols but also secondary alcohols were applicable to the present reaction. In this work, 
an unexpected effect of tin salt was discovered. The presence of a tin salt was crucial to realize 
reproducibly high yields.  
 
Scheme 3. Alkoxy-alkoxycarbonylation of vinylphenols. 
 
Futhermore, the 3-alkoxy-3-(4-hydroxyphenyl)propanoic acid esters obtained by the present 
alkoxy-alkoxycarbonylation was readily applied to the preparation of valuable chemicals and useful 
synthetic intermediates for biologically active compounds, such as GPR40 agonists for treatment of 
diabetes (Scheme 4). 
 
Scheme 4. Transformation of 3-ethoxy-3-(4-hydroxyphenyl)propanoate. 
 
In summary, novel and efficient palladium-catalyzed carbonylation reactions have successfully 
developed. The combination of palladium (II) with copper (I) salt has realized to catalyze these reactions 
under normal pressure of CO and O2. Notably, the methods developed from this research could find 
great interest in the synthesis of highly functionalized molecules and especially in the synthesis of 
biologically active compounds. Thus, these results add value to the scope of palladium-catalyzed 
carbonylation. 
 
With respect to the contents, the dissertation includes following parts: 
Chapter I provides general introduction, including context of the research area, relevant basic concepts, 
background of research and aims of the present work. 
Chapter II focuses on the development of asymmetric palladium-catalyzed intra- and interrmolecular 
dicarbonylation of homoallylic amine derivatives. 
Chapter III presents the successful strategy for palladium-catalyzed intermolecular 
alkoxy-alkoxycarbonylation of vinylphenols. 
Chapter IV provides a summary of fruitful outcomes of the present study, a proposal for extensive 
study, and general conclusion. 
Experimental Section provides detailed experiment procedures, full spectra data for identification of 
new and important compounds. 
 

